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ABSTRACT

Leg muscle cross sectional area (CSA), isometric strength and contraction
velocity were examined in a group of young (Y), old (O), and very old, (VO) women to
investigate the effects of aging and sarcopenia among healthy women. Ten contiguous
transverse MRI (3Telsa IMRIS Scanner) scans were done horizontal to the right leg and
produced images o f the upper 1/3 o f the leg in seven Y (23±2y), five O (65±4y) and six
VO (76±3y) women. Maximal voluntary isometric contraction (MVC) torque and
maximal contraction velocity (at a fixed load o f -IN m ) of the dorsiflexors and plantar
flexors were determined using a Biodex dynamometer. To determine normalized
strength, MVC torque was expressed relative to muscle cross sectional area (CSA).
Anterior compartment CSA was -27% and -19% less in the VO compared with
the Y and O, respectively, but there was no significant difference between the Y and O
women (-7% less in O). The VO had a -16% lower dorsiflexor MVC torque than the Y,
but neither group differed significantly from the O women. No significant differences
existed among groups for normalized dorsiflexor strength. Maximal voluntary
contraction velocity was -15% less in the VO than the Y with no other significant group
differences.
In the posterior compartment, CSA was -25% less in the VO compared with the
Y, but the O did not significantly differ from either Y or VO (-16% , -10% less than O
respectively). Similarly, plantar flexor MVC torque was -32% less in the VO compared
with the Y women but not different between Y and O, or O and VO. Normalized plantar
flexor strength was equivalent among the groups. The VO were 13% slower than the Y
for plantar flexor maximal contraction velocity with no other significant differences
between groups.
Lower maximal strength observed in the dorsiflexors and plantar flexors of the
VO women was accounted for by an age-related decrease in muscle mass. Contraction
velocity did not slow until the 8th decade of life and was similar for both the dorsiflexor
and plantar flexor muscle groups which suggests that leg muscle strength is well
preserved.

Keywords: female, magnetic resonance imaging (MRI), skeletal muscle, isometric
strength, contraction velocity
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Chapter 1
INTRODUCTION

The aging process is associated with a loss of skeletal muscle mass and a
concomitant decrease in muscle strength (Doherty, 2003). Neural alterations are also
thought to contribute to muscle weakness by reducing central drive to the agonist muscles
and by increasing coactivation o f the antagonist muscles (Klass et al. 2007). Motor unit
remodelling may also occur leading to denervation, axonal sprouting, and re-innervation
o f the muscle fibres (Lexell et al. 1983). As a result, older adults typically exhibit less
absolute strength and slower voluntary contractile velocity (Thom et al. 2005). The
gradual loss of muscle mass begins at approximately 40 years o f age, with a more rapid
loss o f muscle mass taking effect around 60 years of age (Lexell et al. 1988). The
decrease in muscular strength and function, which can greatly compromise the quality of
life, is directly related to decreased muscle mass. Decreases in muscle power and
contraction velocity have also been seen as early as age 40 (Izquierdo et al. 1999).
Sarcopenia has been linked to diseases such as osteoporosis, insulin resistance, obesity,
and arthritis. In addition, the loss of strength and power associated with sarcopenia leads
to an increase in accidental falls in the elderly (Deschenes, 2004). Although awareness of
sarcopenia and its deleterious effects have increased in recent years, there is still a need to
know more about how and when it occurs in different muscle groups, particularly in
females, as most studies have been done in males.
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1.1

Research Goal
The purpose o f this study was to examine the age-related changes in muscle cross

sectional area (CSA), voluntary isometric strength and contraction velocity of the leg
muscles o f young (Y), old (O) and very old (VO) women. Muscle CSA was analysed
using magnetic resonance imaging (MRI). Strength and contraction velocity measures
were obtained using a Biodex Dynamometer.
The use of MRI has grown in popularity over the past number of years because of
its ability to give excellent insight into the structure of the human body, while being noninvasive. MRI does not expose the patient to ionizing radiation and has been used
effectively in the past to assess muscle volume (McNeil et al. 2009).
The strength measures obtained using the Biodex allowed for the relation of
Muscle CSA with MVC torque (CSA/MVC) to be obtained. The MRI permitted
observation of the qualitative changes o f the leg muscles, while the Biodex allowed for a
quantitative observation of the functional changes within the aforementioned muscle
groups.

Therefore, answers will be provided to the following research questions:
1. How do muscle CSA and MVC torque decrease with age in females?
2. CSA and MVC torque decrease with age, but how are the two related? Is there a
linear decrease or a more abrupt decrease after age 60? Is the decrease in MVC
torque completely due to the decrease in muscle CSA?
3. How does aging effect contraction velocity?
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1.2

Hypothesis
The hypotheses tested in this thesis were:
1. A decrease in muscle CSA and MVC torque will be observed as the groups
increase in age. VO will have a more pronounced muscle mass and strength
decrement compared to the Y and O.
2. Muscle CSA and isometric strength will decrease in near parallel fashion as the
subjects increase in age; therefore the loss of muscle mass will explain most if not
all of the strength loss.
3. Contraction velocity will decrease as the groups increase in age. The contraction
velocity in the VO will decline more than the Y and O for a number o f reasons
including antagonist coactivation and the possible loss o f type II fibres.

V
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Chapter 2
LITERATURE REVIEW
2.1

Causes and Effects of Sarcopenia
Sarcopenia is a degenerative loss o f skeletal muscle mass and strength associated

with aging. There is an absence of reports that seek to quantify the effect of sarcopenia;
however, the prevalence of sarcopenia worldwide is high and the potential consequences,
such as accidental falls, morbidity and overall disability are serious. Sarcopenia affects at
least 20% of men and women in their 7th decade and often approaches 50% or greater for
those over 75 years (Janssen et al. 2000). Some sarcopenia, with healthy adult aging, is
inevitable, yet the loss in muscle mass and strength is non-linear. Strength, in some
muscles, is well preserved until approximately 50 years o f age, with an accelerated
decline during the next 20 to 25 years (McNeil et al. 2007). Fortunately, sarcopenia is
partially reversible with appropriate exercise interventions and appropriate
supplementation (Häkkinen et al. 1998).
Sarcopenia is typically ascribed to some combination of a decrease in agonist
activation, an increase in antagonist coactivation, a decrease in muscle mass, and a
decrease in strength per unit of contractile CSA (McNeil et al. 2007). The loss in muscle
mass reflects a combination of both the reduction in muscle fibre numbers and the
decrease in individual muscle fibre size.
There is also a reduced neurological drive and denervation which results in the
loss of motor units and thus muscle fibres, specifically type II motor units. The
neurological changes suggest that the force and velocity of muscle contractions will slow
because o f the adverse changes in muscle contractile properties (Baudry et al. 2005).
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Other physiological factors that contribute to sarcopenia are a decrease in the
production of anabolic hormones, such as testosterone, growth hormone and insulin like
growth factor 1 (IGF-1). All of the above impair the capacity of skeletal muscle to
incorporate amino acids and synthesise proteins which is crucial to muscle maintenance
and growth. At the same time, there is an increase in the release o f catabolic agents such
as interleukin-6, which amplifies the rate of muscle wasting among the aged (Deschenes,
2004).

2.2

Muscle Mass
Total muscle mass and whole muscle size, as defined by individual muscle CSA,

peaks around the age o f 24 years old (Lexell et al. 1988). Muscle mass then stays about
the same throughout the 5th decade o f life as only roughly 10% o f total muscle mass is
lost between the ages of 24 and 50 years o f age (Larsson et al. 1979). Between 50 and 80
years of age; however, total muscle mass decreases by about 30% (Lexell et al. 1988).
The decrease in whole muscle size (Muscle CSA) is paralleled by a loss of fibre number
(Lexell et al. 1983). The fibre count within whole muscles declines by roughly 35%
between 52 and 77 years o f age, translating to an annual 1% decrease in whole muscle
CSA after the 5th decade o f life (Lexell et al. 1986).
The cellular atrophy linked to sarcopenia is fibre-type specific. Coggan et al.
(1992) found that compared to muscle samples of young men, type IIA fibres had a 13%
reduction in size while type IIB fibres were 22% smaller in aged men. They also showed
that muscle fibre atrophy in aged women was 24% and 30% in IIA and IIB fibres,
respectively. Likewise, Lexell et al. (1988) found that fast twitch, type II fibres
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experienced a 26% loss in CSA while the size of slow twitch, type I fibres did not differ
between 20 and 80 year old individuals.
This selective fibre atrophy is related to changes in the genetic regulation of
muscle. Muscle fibres extracted from young and aged muscle show that aged muscle
contains less myosin mRNA content. More specifically, aged muscle fibres display a
decrement in Ha mRNA and a greater decrease in IIx transcript, but no alteration in type I
mRNA content (Balagopal et al. 2001).

2.3

Protein Metabolism
The decrease in the rate o f protein synthesis that occurs with age accounts for

slower overall rates of muscle protein turnover. Balagopal et al. (1997) compared 23, 52
and 77 year old subjects and concluded that rates o f protein synthesis declined
significantly by approximately 50 years of age and continued to decrease with old age.
The slowed rate of protein synthesis has recently been coupled with reduced mRNA
transcript content for myosin heavy chain in type II muscle fibres which is an important
contractile protein (Balagopal et al. 2001).
Aging not only decreases mitochondrial density and aerobic enzyme activity
within muscle (Boffoli et al. 1994) but also a significant degree of oxidative damage is
apparent in the mitochondrial DNA of aged muscle (Wanagat et al. 2001). Welle et al.
(2003) studied the amounts o f mitochondrial DNA in young, 21 to 27 year olds and 65 to
75 year olds. They concluded that the content of mRNA transcripts for a number of
essential mitochondrial proteins is lower in aged muscle compared to young muscle and
that total mitochondrial DNA is reduced by roughly 40% in aged muscle.

6

2.4

Fibre Composition
Not only is there a decline in fibre number, sarcopenia results in atrophy at the

fibre level itself. Lexell et al. (1988) used whole muscle cross-sectional slices obtained
from autopsy cases ranging from 15 to 83 years of age and classified each fibre within the
vastus lateralis. He found that a loss of fibre number occurs with aging among type I and
II fibres. Further analysis o f the upper body muscles produced the same results. Thus,
aging does impact the distribution of the muscle fibres within the muscle.

2.5

Strength and Velocity
The force-velocity relationship o f human muscles changes with aging, and

muscular strength and power are reduced at all contraction speeds (Gajdosik et al. 1999).
Motor unit remodelling occurs leading to denervation, axonal sprouting, and re
innervation of the muscle (Aagaard et al. 2010). Recruitment threshold decreases with
age, because o f a shift towards fewer numbers of motor units and a preponderance of type
I fibres. In a longitudinal study, Anainsson et al. (1986) re-measured the knee extensor
strength o f 23 healthy males, 73 to 83 years old, between 30°/s and 3007s 7 years after an
initial strength measurement. They found losses of strength between 10 and 22% at all
contraction velocities between the two examinations, and a decrease in the mean vastus
lateralis fibre area o f 11%.
In another longitudinal study, Frontera et al. (2000) carried out an examination of
knee and elbow extensors and flexors in 9 healthy men with a mean initial age of 65.4±
4.2 years and found losses in strength of between 20 and 30% after 12 years. The
velocities at which the muscles were tested were 60 and 2407s for the knee extensors and
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flexors and 60 and 180°s for the elbow extensors and flexors. Knee extensor and flexor
strength dropped by between 23.7 and 29.8% at both angular velocities tested and elbow
extensors and flexors showed losses of 19.4 and 16.4 respectively at 60°/s, while at
180°/s, only elbow flexors showed a significant loss in strength of 26.5%. CSA of 7 of
the 9 m en's thighs were measured using computerised tomography scans and showed a
reduction of 14.7% over the 12 year period.
Isometric strength testing suggested similar strength decrements. Winegard et al.
(1996) studied isometric dorsiflexor and plantar flexor strength in 11 men with a mean
initial age of 73.5± 7.5 years and 11 women with a mean initial age of 69.5 ± 6.4 years
and re-examined them 12 years later. He found losses o f 25.2 and 30% in plantar flexor
strength in females and males respectively. Dorsiflexor strength declined significantly
less (3.6 and 9.6%) in males and females respectively than plantar flexor strength which
shows the different effects of reduced physical activity on postural and non-postural
muscles.
Grieg et al. (1993) found no significant loss of isometric quadriceps strength in 4
elderly men 79 to 84 years of age and 10 elderly women 79 to 89 years o f age after 8
years. All except one of the participants maintained or increased their physical activity
levels over the 8 years and this could be the reason isometric strength was preserved
among the subjects.
Gender differences in the strength o f a specific limb are difficult to determine
because in general, males are initially stronger than females, which makes them lose
strength more rapidly as they age. One study reported that from the age o f 20 to 80 years,
decreases in handgrip and knee extensor strength were at a consistent but greater rate for
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men then for women; women showed an accelerated rate o f strength loss after 55 years of
age (Samson et al. 2000).
With ageing, there may be fewer myelinated neuronal axons present in a given
muscle; however, research using electrically evoked isometric contractions show that the
elderly are capable of fully activating motor units during maximal voluntary contraction.
This suggests that the central drive is well maintained in the elderly and that there are
other factors that may account for decreased force production in aged muscle fibres.
Häkkinen et al. (1998) used EMG and found a greater degree of antagonist muscle
coactivation in aged than in young muscle during maximal effort knee extension, which
could explain the decreased force production. The loss of muscle mass; however appears
to be the main factor responsible for the deficit observed in aged muscle. In fact, It has
been reported that decreased muscle volume accounts for more than 90% o f age related
strength diminution (Frontera et al. 2000).

2.6

Muscle Stiffness and Tension
Muscle stiffness and tension are thought to be another possible explanation for

age-related strength losses other than decreases in muscle mass or neurological factors.
There is conflicting data about muscle tension with some studies suggesting muscle
tension is unaffected by age while others suggesting that muscle quality is compromised
with age. Similar to muscle endurance, much of the variability in findings concerning
muscle stiffness and tension can be attributed to differences in methodologies.
Frontera et al. (2000) defined muscle quality as the force produced relative to
whole muscle CSA and tension generated by isolated single fibres when normalised to
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that fibre’s CSA. They found no significant difference in tension between young and
aged subjects during MVC in quadriceps; however, at the cellular level, he found that
fibres from older people produced 30% less tension than fibres taken from the quadriceps
o f young subjects. These findings confirm a deficit in the function of the contractile
apparatus of aged myofibres and suggest that aging impairs the specific tension of muscle
tissue because of the decreased number o f myosin cross-bridges within aged muscles.
Frontera et al. (2000) also found that muscles of old women develop a lower
specific force than those of old men and that aged fibres have gender-dependent
differences in contractile function which reflects fibre type rather than fibre size. The
reasons for this are unclear and there are other studies that do not detect a gender
difference. It is also uncertain whether there is a gender difference in the rate of power
loss with age because of the limited data available, lower levels of anabolic hormones in
females, and the fact that young women produce less power than young men (Metier et
al. 1999). Nonetheless, future studies should treat males and females separately to
resolve any possible gender differences.
Among the number of studies that have found no change in muscle quality based
on age is the studies of Metter et al. (1999). He studied the muscle quality (force per unit
muscle mass) changes with age in cross-sectional and longitudinal analyses from three
different groups of individuals. The first study was a cross-sectional study of isometric
arm strength in 617 subjects with muscle mass estimated by CSA from arm
circumference and by 24- hour urinary creatinine. The second study analysed 412 men
over a 10-25 year time period using the same measures as the first group. The final study
was isometric knee extensor strength studied cross-sectionally in 675 subjects. Muscle
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mass was estimated by 24- hour urinary creatinine, CSA was measured by thigh
circumference, and leg non-osseous fat free mass from dual energy x-ray absorptiometry.
Muscle quality declined in both arm and leg with age in cross-sectional analysis using
CSA and free fat mass, but not 24-hour urinary creatinine. Using 24-hour urinary
creatinine or CSA there were no age-associated arm quality declines in the longitudinal
studies. Metier et al. (1999) concluded that the relationship between muscle quality and
age is dependent on how muscle mass is estimated and on whether subjects are studied.
He also suggests that 24- hour urinary creatinine may measure a muscle property that is
not accounted for by CSA or fat free mass alone.

2.7

Eccentric Strength Preservation
Eccentric strength appears to be more resistant to the adverse effects of aging;

however, the reason for this is preservation in strength is unclear. Hortobagyi et al.
(1995) tested sedentary, healthy men from 18 to 80 years in age and women from 20 to
74 years in age for eccentric, isometric and concentric knee extensor strength on an
isokinetic dynamometer, and related the results to fat-free mass and muscle fibre
characteristics. Eccentric strength was relatively well preserved in older men, with older
women actually being about 5% stronger in eccentric contractions than young women.
The preservation o f eccentric strength with age was independent of muscle mass, muscle
fibre type, or size.
Hortobagyi et al. (1995) attempted to explain the eccentric strength preservation
discovered in his study with three theories. First, he suggested that the greater amount of
intramuscular connective tissue in older adults may yield increased passive resistance

11

during muscle lengthening while not affecting concentric or isometric force production.
Second he suggested that older adults might have less sarcomere instability due to the
elimination of weak sarcomeres. Lastly, he suggests that cross-bridge cycling during
eccentric contractions may be modified with age which would allow more force to be
generated during muscle lengthening.
Porter et al. (1997) tested the eccentric and concentric strength of the plantar
flexors and dorsiflexors in 16 older women with a mean age o f 67± 4 years and 16 young
women with a mean age o f 27± 4 years. Also measured were passive resistant torque of
the plantar flexors and average rate o f torque development of the plantar flexors and
dorsiflexors. They found that eccentric strength was relatively preserved in the plantar
and dosiflexor muscles with ageing when compared to concentric strength. Passive
resistive torque of the plantar flexors was significantly higher in the older women, but it
was determined that this factor did not have a role to play in the preservation of eccentric
torque. Older women had significantly lower values than young women in plantarflexors
and dorsiflexors which suggest that there was a greater loss in type II muscle fibres and a
slowing o f cross-bridge cycling with aging. The slowing of cross-bridge cycles may be
helpful in eccentric contractions.
Ochala et al. (2006) studied the behavior o f single vastus lateralis muscle fibres
from 6 young men with a mean age o f 31.6 years and 6 older men with a mean age of
66.1 years. The subjects muscles were maximally activated and the fibres were quickly
stretched, causing an immediate rise in tension (phase 1) followed by a reduction (phase
2) and a secondary delayed and transient rise in tension in the fibres (phase 3). The
constant fibre values (phase 4) was lower than phase 3 but higher than the initial tension
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in the maximally activated fibre. The increases in tension in phases 3 and 4 were
preserved in the older muscles fibres despite a lower absolute maximal isometric force
which may explain the relative preservation of eccentric strength.

2.8

Local muscular endurance
Local muscular endurance data with aging is vague; some studies show a decrease

in muscle endurance among the aged, others show no difference in the fatigability of
aged and young muscle. Much o f the variability in findings concerning muscle
endurance can be attributed to differences in methodologies. Among the studies that
showed a decrease in muscle endurance with age, Davies et al. (1986) studied the
electrically evoked properties o f the triceps surae in 22 and 69 year old men and women.
The results of his study showed that the triceps surae of elderly subjects had an increased
time to peak tension of the twitch, a lower specific tension (force/cross section area), and
showed a greater relative force loss when subjected to a standard “fatigue” test procedure
than young triceps surae. Davies et al. (1986) concluded that elderly muscle is weaker,
more fatigable and contracts slower than young muscle. However, he concluded that the
reduced specific tension and enhanced fatigability of the elderly may in part be due
respectively to the inadequacies o f their estimates of the effective CSA of contractile
tissue in the lower leg and the influence of blood flow which may be compromised
during a 2 min test.
Backman et al. (1995), who found no significant change in muscle endurance with
age, measured isometric muscle strength using a hand-held dynamometer in 63 women
and 65 men, randomly selected with an age range o f 17 to 70. Eight muscle groups as
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well as the hand grip strength were tested bilaterally. The muscular endurance was
measured as time to exhaustion in the abductors of the shoulder and the flexors o f the hip.
The mean strength o f females was roughly 65 to 75% of that of men; however, when
body weight was accounted for there were no significant differences. Muscle strength
peaked at about 17 to 18 years of age in men and women and was constant up to the age
o f about 40 years old with a slight decline up to about 60 years in age. Muscular
endurance varied from person to person but there was no decrease in endurance in the
older ages.
Fatigability is largely explained by failure in the neural system in aged muscle. In
young muscle, muscle fatigue is attributed to peripheral factors such as metabolite
accumulation and/or substrate depletion. The greater fatigability that was seen in aged
whole muscles was not due to differences in the contractile apparatus itself of the aged
fibres which suggests that central fatigue may be more pronounced among older
neuromuscular systems (Bilodeau et al. 2001).
It appears as if the effects of fatigue may be gender dependent. The possible
effects of estrogen levels on fatigue are controversial. Blood flow may not be as easily
occluded in females, since they have a lower vascular reactivity to norepinephrine then
males. The length and mass of muscle can also affect local blood flow. Since females
have smaller and shorter muscles they generate less intramuscular pressure to impede
flow and affect metabolism, and they also use less energy. In addition, some studies
suggest that females may have less type II fibres then males and thus have less fatigable
muscles. (Bilodeau et al. 2001).
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2.9

Hormonal Changes
Aging changes the circulating concentrations of anabolic hormones. There is a

reduction in both total testosterone and unbound or free testosterone levels in the aged
body. Testosterone is important because it promotes the reutilization of intracellular
amino acids for increased protein synthesis. Vermeulen (1995) found that between the
ages o f 20 to 80 years old, total testosterone decreased by 35% while unbound
testosterone was reduced by 50%. Blood bourne concentrations in healthy aged men
remain within normal limits.
There is also a reduction of circulating level o f growth hormone that occurs with
aging. Iranmanesh et al. (1991) sampled the blood of 21 healthy men, aged 21 to 71
years in age who were o f nearly normal body weight at 10 minute intervals for 24 hours.
He estimated specific features o f growth hormone secretion and clearance and found that
compared to younger men, the older had significant reductions in growth hormone
secretory burst frequency, half-life of endogenous growth hormone and the daily growth
hormone secretory rate. He concluded that between the ages o f 20 and 70 years, growth
hormone values are reduced by roughly 50% in men.
Growth hormone mediates its effects on muscle by regulating the synthesis of
insulin like growth factors (Sara et al. 1990). IGF-1 is a key regulator of protein
synthesis. Since growth hormone decreases with age, IGF-1 also decreases with age.

2.10

Autocrine Functions
The nuclear to cytoplasmic ratio remains unaltered with aging. Nuclei are due to

satellite cells that undergo proliferation and the resultant sister nuclei are included into
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the cytoplasm of the muscle fibre. The number o f satellite cells decreases with age and
proliferation capacity o f aged satellite cells is restricted which contributes to sarcopenia
(Chakravarthy et al. 2000).
Adams (2002) determined that the interaction of a specific isoform of IGF-1 that
is synthesised locally within muscle tissue is responsible for triggering the proliferation
of satellite cells. This specific isoform of IGF-1 is called mechanogrowth factor and is
produced in response to injury and/or mechanical loading of response (Goldspink, 2002).
Aging leads to both decreased baseline and response values of mechanogrowth factor
mRNA (Welle et al. 2002).

2.11

Preventing Sarcopenia
Häkkinen et al. (1998) examined the effects of a 24 week strength training and

explosive exercise regime followed by varying detraining periods in middle aged and
elderly men aged 37-44 and 62-77 years old respectively. He concluded that the
adaptation to strength training among the elderly group was similar to that detected in the
middle aged men, if training protocols are matched for intensity, volume and duration.
However, between highly trained young and senior athletes, there are strength deficits in
the elderly who have trained regularly throughout their adult lives. There are inevitable,
natural factors in the aging process that exist which lead to decrease muscular strength.
Fortunately, it seems that sarcopenia is at least partly reversible, with appropriate exercise
interventions (Häkkinen et al. 1998).
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Chapter 3
METHODS
3.1

Subjects
Subjects were 18 women from three different age categories. Seven Y (23±2y),

five O (65±4y) and six VO (76±3y) women were studied in this cross-sectional design.
The young women were students from the University o f Western Ontario, while all of the
older women were recruited from a senior’s activity group at the Canadian Centre for
Activity and Aging. The subjects were given information about the nature of the study
being conducted and participated on a voluntary basis. Subjects were only considered for
the study if they were relatively healthy and active, but none of the participants were
trained or elite athletes. A verbal questionnaire was completed at the time of agreement
to participate to ensure that the subjects had no pre-existing health conditions. For the
MRI testing, subjects were given a questionnaire at the time of the MRI to ensure they
were free of metal fragments such as surgical pins, clips, shrapnel, etc. (See Appendix
A). The study was approved by the University of Western ethics committee and written
informed consent was obtained (see Appendix B).

3.2

MRI Image Acquisitions
Muscle area o f the upper 1/3 of the leg was measured using images obtained with

a 3Telsa IMRIS Scanner and a manufacturer supplied coil. Subjects were lying in the
supine position and had a water vial taped to the right leg at 1/3 the distance between the
head of the fibula and the lateral malleolus. The water vial markers were used to centre
the images between the fifth and sixth images. The participants were then moved into the
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magnet so that the water vial on the leg was in the middle of the coil. Ten contiguous
transverse images (slice thickness =7mm, slice separation=3mm, field of view=250mm,
matrix size=512mm X 5 12mm) were taken perpendicular to the long axis of the bones. A
representative scan for each age group is displayed in Figure 4.1. The right leg was used
on all subjects so that there was consistency in what limb was being measured. All
subjects were also right handed to account for right side dominance. The placement of
the vial was based on the assumption that the largest part o f the muscle in the leg is at the
top 1/3 of the leg and the smallest part of the muscle in the leg is at the bottom 1/3 of the
leg. All images were collected by the same investigator on all occasions. The magnet
was calibrated using a cylindrical ball with a known volume that was analyzed prior to
the subjects being measured. The volume of the five, upper-most slices from each
subject was determined. To convert to CSA, the volume was divided by 5 to get 1 slice,
divided by 7 to convert mm to mm , and then divided by 100 to convert mm to cm .

3.3

Image Analysis
The images obtained from the MRI scanner were analyzed using the Tissue

Segmenter software program written in MATLAB (Version 7.8.0.347 (R2009a)). Muscle
cross-sectional areas (CSA) (mm ) were measured by a single investigator using visual
inspection and the manual trace function.
Three variables in the anterior, posterior and lateral compartments o f the leg were
measured in each slice that was analysed: muscle, bone, and fat/non-contractile tissue. In
order to determine the amount o f muscle tissue the segmented bone and fat/noncontractile tissue were subtracted from the total CSA. A second researcher analyzed 5
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slices from one random subject in each age group and the measures were compared in
order to verify the accuracy o f the segmentation protocol. Muscle CSA and tissue
estimates for all three age groups were roughly 97% alike. Therefore, the identification
of the muscle CSA and the contractile and non-contractile tissues was consistent.

3.4

Strength Measures Acquisitions
Maximal voluntary isometric contraction (MVC) torque and maximal contraction

velocity (at a fixed load of ~lN m ) o f the dorsiflexors and plantar flexors were determined
using a Biodex dynamometer. Subjects were seated upright in the Biodex dynamometer
strapped in by two diagonal standard Velcro straps which stabilized the trunk and hips.
This was necessary in order to avoid unnecessary movements of the body and isolate the
muscle being tested. The subject’s right foot was secured to the standard Biodex ankle
attachment using Velcro straps and a thermoplastic mold which stabilized the foot, but
allowed plantar flexion and dorsiflexion. To negate the influence o f the gravity-effect
torque on the test data, each subject’s limb was weighed, and the data was corrected by
the Biodex software (Holmback et al. 1999). All subjects were tested without shoes and
the right foot was tested in all subjects so that there was consistency in what limb was
being measured. The range o f motion of the ankle joint was determined when the subject
was positioned in the dynamometer. The Biodex computer was set to operate in either
the isometric mode (no joint movement) or the isotonic mode (contraction and shortening
of the muscle). The peak torque unit was the Newton-meter and peak velocity was
measured in degrees per second.
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3.5

Statistical Analysis
All statistical analyses were conducted using Microsoft Excel and SSPS (version

15 for Windows). Mean (M) and standard deviations (SD) were found. Muscle CSA and
strength measures were calculated for each person along with group mean values for each
parameter. Separate one-way analysis of variances (ANOVAs) was used to determine
differences in age, height and body mass. Paired-samples t tests were used to compare
the CSA, peak torque, peak velocity and normalized strength in the anterior and posterior
compartment o f each group. % CSA, % peak torque, % peak velocity and % normalized
strength were compared among all three groups by separate three-way repeated measures
ANOVA. A Tukey post hoc test was performed when there was a significant group
effect to determine which groups differed from one another. All results are reported in
the text as group means ± standard deviations, and the level of significance was p < 0.05.
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Chapter 4
RESULTS
4.1

Subject Differences among Age Groups
Table 4.1 shows the mean values for age, height and weight for the subjects in the

three age groups. The VO women were significantly shorter than the Y subjects. The O
women were heavier than both the Y and VO women.

Table 4.1 Subject Characteristics
Young
(n=7)

Old
(n=5)

Very Old
(n=6)

Age (years)

22.7±2.4

64.8±4.0

75.5*2.7

Height (cm)

170.4±5.9

157.2±16.8

161±6.0*

Weight (kg)

71.1*10.5*

81.5±26.6

65.8*6.8*

Values are means ± standard deviation; n number o f subjects. Differences from * young
and t old following post hoc testing were significant at p<0.05.

V
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4.2

Sample MRI Images
Figure 4.1 shows sample MRI images o f the upper portion of the right leg o f an

individual subject from each age group. Total leg CSA (muscle, bone and noncontractile tissue) was similar among the three groups; however, the MRI scan revealed
that the makeup o f the leg is quite different among the Y, O and VO. In the O and VO, it
was evident that there is a progressive increase in subcutaneous fat, non-contractile tissue
and a loss of muscle that occurs with age.

Figure 4.1 Sample MRI images of the upper portion o f the right leg of a young subject
(i), an old subject (ii) and a very old subject (iii). Each image is the first slice of a five
slice volume, located approximately 10 centimetres below the head of the fibula.
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Figure 4.2 shows sample MRI images o f the upper portion o f the leg in which the
muscle compartments o f the leg have been segmented. The grey segment (a) represents
the anterior compartment, the black segment (b) represents the lateral compartment, and
the white segment (c) represents the posterior compartment of the leg.

Figure 4.2 Sample MRI segmentation images of the upper portion of the right leg of a
young subject (i), an old subject (ii) and a very old subject (iii). Each image is the first
segmented slice of a five slice volume, located approximately 10 centimetres below the
head o f the fibula.

\
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4.3

Mean Muscle CSA
Figure 4.3 shows the mean values of the muscle CSA for all three age groups.

The anterior compartment CSA was -27% and ~19% less in the VO compared with the Y
and O, respectively, but there was no significant difference (~7% less in O) between the
Y and O women. In the posterior compartment, CSA was -25% less in the VO compared
with the Y, but the O did not significantly differ from either Y or VO (-16%, -10% less
than O respectively).

□ Anterior Compartment
■ Posterior Compartment

Age Group
Figure 4.3 Mean leg muscle CSA by age group. Values are for the anterior and posterior
compartment of the leg in Y, O, and VO women. Differences from * young and t both
young and old following post hoc testing were significant at p<0.05.
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4.4

Mean Strength and Velocity Measures
Figure 4.4 shows the mean values for the strength measures for all three age

groups. The VO had a ~16% lower dorsiflexor MVC torque than the Y, but neither
group differed significantly from the O women. Maximal voluntary contraction velocity
o f the dorsiflexors was -15% less in the VO than the Y with no other significant group
differences. Plantar flexor MVC torque was -32% less in the VO compared with the Y
women but not different between Y and O, or O and VO. The VO subjects were 13%
slower than the Y for plantar flexor maximal contraction velocity with no other
significant differences between groups.

■ Mean Isometric Plantar
flexion

Age Groups

Figure 4.4 Mean isometric plantarflexion strength measures (power) in the leg for each
subject in Y, O, and VO. Differences from * young following post hoc testing were
significant at p<0.05.
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Figure 4.5 shows the mean isometric dorsiflexion strength measures (NM) in the
leg obtained using the Biodex Dynamometer.
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□ Mean Isometric
Dorsiflexion
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Age Groups

Figure 4.5 Mean isometric dorsiflexion strength measures in the leg for each subject in Y,
O, and VO women. Differences from * young following post hoc testing were significant
atp<0.05.
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Figure 4.6 shows the mean values for the normalized strength measures for all
three age groups. No significant differences existed among groups for normalized
dorsiflexor or plantar flexor strength. Normalized strength is greater in the anterior
compartment than the posterior compartment.
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Figure 4.6 Mean normalized strength measures in the leg for each subject in Y, O, and
VO women.
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Figure 4.7 shows the mean isotonic plantar flexion strength measures (peak
velocity) in the leg obtained using the Biodex Dynamometer.

Figure 4.7 Mean isotonic plantar flexion strength measures (peak velocity) in the leg for
each subject in Y, O, and VO women at a fixed load o f-IN m . Differences from * young
following post hoc testing are significant at p<0.05.
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Figure 4.8 Mean isotonic dorsiflexion strength measures (peak velocity) in the leg
obtained using the Biodex Dynamometer.
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Figure 4.8 Mean isotonic dorsiflexion strength measures (peak velocity) in the leg for
each subject in Y, O, and VO women at a fixed load of ~lNm . Differences from * young
following post hoc testing are significant at p<0.05.
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Chapter 5
DISCUSSION

The purpose o f this study was to examine the age-related changes in muscle CSA,
voluntary isometric strength and contraction velocity of the leg muscles of young (Y), old
(O) and very old (VO) women. Magnetic resonance imaging (MRI) was used to compare
the muscle cross sectional areas across three separate age groups while a Biodex
Dynamometer was used to compare maximal voluntary contraction and contraction
velocity.
It was hypothesized that muscle CSA, MVC torque and contraction velocity
would all decline as the groups increased in age, with the most pronounced decreases in
the VO. In the comparisons across age groups, muscle CSA tended to be progressively
smaller with age, yet there was only a significant difference in the VO group. The
decrease in muscle CSA observed in the anterior compartment of the leg was about 27%
from Y to VO. Muscle CSA of the posterior compartment declined similarly, by roughly
25% in the VO compared with the Y. In a similar McNeil et al. (2009) measured the
muscle CSA o f 13 Y (aged 23-31), 13 O (aged 61-69), and 13 VO (aged 80-91) men. In
the posterior compartment, my results were the same as McNeil. In the anterior
compartment they found a 15% decrease in muscle mass in the VO compared to Y which
is slightly lower than my findings. Although the subjects in the McNeil study were men
and slightly older, my results are consistent with the muscle CSA changes they observed.
Typically, the age related decrease in muscle mass is greater in the posterior
compartment which consists o f the plantar flexors. The reason for this is believed to be

30

because there are a greater percentage o f type II muscle fibres in the gastrocnemius than
the tibialis anterior. Since muscles tend to undergo preferential atrophy o f specific type
II muscle fibres with age, more muscle mass is believed to be lost in the posterior
compartment o f the leg (Christ et al. 1992). My results were consistent with muscle mass
data previously published for values in the posterior compartment (Morse et al. 2004;
McNeil et al. 2009) but higher than muscle mass losses in the anterior compartment
(Kent-Braun et al. 2000; McNeil et al. 2009). Morse et al. (2004); however, compared
the MRI images o f 21 elderly men, aged 70-82 years, and 14 young men, aged 19-35
years. The elderly men had a 19% decrease in posterior muscle CSA compared to the
young men which was similar to my findings.
Kent-Braun et al. (2000) used the MRI to determine leg anterior compartment
contractile and non-contractile content, studying 23 Y (11 women and 12 men, 26-44
year old) and 21 O (10 women and 11 men, 65-83 year old) healthy adults. There was a
12% decrease in anterior muscle CSA for women and a 20% decrease in anterior muscle
CSA for men. My muscle mass losses were quite higher. Age or gender may be a
possible explanation for this discrepancy. Compared to my study, subjects in the KentBraun et al. (2000) and McNeil et al. (2009) study were older and the age ranges were
wider. For instance, the VO group in the Kent-Braun et al. (2000) and McNeil et al.
(2009) study were 65-83 and 80-91 year old men respectively, while my VO group were
71-79 year old women.
Similar to muscle CSA, plantar flexior and dorsiflexor MVC torque tended to
decrease with age; however, there was only a significant difference in strength in the VO.
Plantar flexor MVC decreased more than dorsiflexor MVC torque; roughly 32% and 16%
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respectively between VO and Y. Dalton et al. (2008) used the Biodex Dynamometer to
explore the differences in contraction intensity during isometric plantar flexion
contractions in nine young men (27 ± 3 years) and nine old men (75 ± 2 years). The old
men produced 39% less maximal isometric plantar flexion torque than the young men
which is slightly larger yet similar to the strength decrement found in my study with
women. Dalton et al. (2008) found that the motor unit number estimates were similar in
both Y and O groups. He concluded that with aging, motor axons innervating SOL
muscle fibres may be well preserved into the 8th decade of life despite the loss of strength
and slowing of contractile properties and motor unit discharge rates. This was similar to
the findings in my study.
McNeil et al. (2007) used the Biodex Dynamometer to examine the strength
decrements in 13 young men (aged 19-33), 13 old men (aged 60-69) and 13 very old men
(aged 80-90) during isometric dorsiflexion contractions. They found that the dorsiflexors
o f very old men were significantly weaker than those o f both young and old men (33 and
25% deficits, respectively), with no significant difference (11%) between the young and
old men. In other words, maximal dorsiflexor strength was preserved in the seventh
decade but reduced in the ninth decade. His results were similar yet higher than the 16%
loss o f strength between the Y and VO found in our group of women. It is important to
note; however, that McNeil et al. (2007) used older subjects and the age ranges were
different than my study. In their study, muscle CSA was similar among age groups, yet
MVC torque was reduced in the VO. Therefore, he concluded that the strength
decrement was most likely caused by a decrease in strength per unit o f contractile CSA.
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There are a number of possible mechanisms that have been identified that may
contribute to this age-related decrease in strength. There is believed to be an increase in
the co-activation of antagonist muscles, a decrease in agonist muscle activation and the
inclusion of denervated muscle fibres (Frontera et al. 2000). Single fibre muscle tension
and selective atrophy of fast-twitch fibres are thought to also decrease MVC torque
(Christ et al. 1992). Selective atrophy may explain why there was a greater loss in
plantar flexion MVC torque compared to dorsiflexor strength because of the greater
percentage of type II muscle fibres in the gastrocnemius than the tibialis anterior.
Despite all o f the possibilities, the major factor that contributes to loss of strength in the
aged is the loss of muscle CSA, which was the case in my study.
Normalized strength (MVC/CSA) was the same in all three age groups, yet it was
higher in the anterior compartment than the posterior compartment. McNeil et al. (2007)
normalized maximal strength to dorsiflexor contractile CSA in 13 young, 13 old, and 13
very old men. His mean normalized strength values (NM/cm ) were 3.5, 3, and 2.5 for
each of the previous age groups respectively. This was similar to the normalized strength
values I found in the anterior compartment, yet slightly higher than the values found for
the posterior compartment (Figure 4.6). Since strength is normalized and both
compartments contain mixed muscles, one would expect it to be similar in each muscle
group; however, this was not the case in my study. A possibility for the differences in
normalized strength between the posterior and the anterior compartment may be the
muscle groups involved. The strength measures during the isometric muscle contraction
on the Biodex Dynamometer may be largely due to the gastrocnemius. The soleus, which
is largely slow-twitch, was grouped into the posterior compartment and may have taken
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up a large amount o f CSA, but force output could have been low. This would give a
lower value for the posterior compartment per area and higher for the anterior
compartment.
Another possible explanation for the inconsistency in normalized strength may
have been the large variance in the posterior compartment. The standard deviation for
the anterior compartment was about 0.5 while the standard deviation for the posterior
compartment was about 1.0. The data range in the posterior compartment is quite large
compared to the anterior compartment, particularly in the VO group. The posterior
compartment is much larger than the anterior compartment of the leg and there is more
room for error.
Maximal voluntary contraction velocity did not significantly slow until the 8th
decade o f life and decreased similarly in dorsiflexors and plantar flexors; 15% and 13%
less in VO than the Y respectively. The decrease in velocity was almost completely
explained by the loss of muscle mass. A possible explanation to the decrease in velocity
seen in the VO is a loss of type II muscle fibres or motor unit remodelling. Had my
subjects been older, motor unit remodelling may have had a more dramatic effect on
muscle force.
Both elderly and young persons are capable of fully activating their distal lower
limb muscles during concentric and eccentric contractions performed at angular velocities
up to 2407s. However, it is possible that voluntary activation is a limiting factor at very
high velocities (Kent-Braun et al. 2000). Häkkinen et al. (1998) reported lower EMG
activity in elderly compared with young subjects when performing fast bilateral isometric
contractions of the leg extensors. This suggests that there are possible deficits in the
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rapid recruitment and high instantaneous discharge rate o f motor units that is needed to
perform rapid contractions (Van Cutsem et al. 2005). These deficits may explain the
decrease in contraction velocity associated with aging.

5.1

Summary
The questions posed at the beginning o f this investigation have been addressed.

The following briefly describes the major findings of this study:
1.

Muscle CSA only differed in VO. Dorsiflexion and plantar flexion strength was

only significantly less in VO.
2.

Strength and muscle mass were well preserved until the 8th decade of life. Muscle

CSA and isometric strength indeed declined in similar fashion. The loss o f strength
could be explained by muscle CSA.
3.

Contraction velocity was slower in VO during plantar flexion and dorsiflexion.

This suggests that neural factors such as motor unit remodelling and loss of type II fibres
may have been a factor in the decline in force per unit of muscle CSA.

5.2

Conclusions
The major findings in this study are a lower maximal strength observed in the

dorsiflexors and plantar flexors of the VO women which can be primarily accounted for
by an age-related decrease in muscle mass but it appears that in women muscle mass
declines similarly in the posterior and anterior compartment. Contraction velocity did not
significantly slow until the 8th decade o f life and was similar for both the dorsiflexor and
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plantar flexor muscle groups which suggests that strength is well preserved in the Y and
O.

5.3

Strengths of the Study
One o f the key strengths of this study was the ability to use the MRI to analyse

muscle volume. A custom MATLAB program reads the MRI scans (in the form of JPEG
images) and determines the number of pixels that fall within a user defined gray-scale
band, designated as being muscle. The output from the MATLAB program was compared
with a manual counting method. The pixel counting algorithm was found to have an
acceptable accuracy with results indicating a percentage difference from the manual
method o f between 2 and 9.5% (Olaighin et al. 2007).
In order to ensure I segmented the correct muscle CSA, a second researcher
analysed the MRI scans of one random subject from each age group with MATLAB
using the same pixel counting algorithm. Our muscle measures for all three groups
combined were about 97% alike which suggests that our muscle segmentation and muscle
CSA estimation was consistently reproduceable.
A further strength the strength measures obtained using the Biodex dynamometer.
Taylor et al. (1991) studied the validity and accuracy of the Biodex dynamometer under
static and dynamic conditions. Static torque and angular position output correlated well
with externally derived data (r = 0.998 and r greater than 0.999, respectively). The
strength measures allowed me to pair muscle volume compartments with actual
movements, i.e. posterior compartment and plantar flexion.
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A final strength was the unique combination of measures used in the study. Most
o f the previous studies have reported muscle CSA, strength, normalized strength and
contraction velocity separately. In my study, I had dorsiflexion/plantar flexion strength
and contraction velocity measurements that I could correlate with my muscle CSA data.
I was able to combine quantitative and qualitative data, which created a more complete
depiction of the changes that occur in muscle with age. The fact that the subjects were
females was also unique because the majority of previous studies were done in males.

5.4

Limitations of the Study
One o f the major limitations to this study was the small number of subjects that

were tested. While the number was considered sufficient to achieve the statistical
significance needed for the study, the number was still relatively small. The smaller
number of subjects may have left the study with insufficient power to detect smaller, but
nevertheless important differences in leg muscle area and strength.
A second limitation was that it was a cross sectional study as opposed to a
longitudinal study. A longitudinal study would have been more accurate in estimating
muscle mass and strength decrements because the same subjects are being tested over a
course of time. However, longitudinal studies require a great amount of time and
commitment by both the researcher and the subjects.
A third limitation of this study was the selection o f a single CSA that was 1cm
thick as opposed to collecting a muscle volume for the entire leg. A muscle volume of
the entire leg would have given us a more complete picture o f the muscles in the leg
instead of just looking at one slice. This is because muscle geometry changes throughout
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the leg and it is possible that the location on the leg of muscle CSA analysed could alter
the results. However, the upper 1/3 selection was the most ideal CSA to collect because
the muscle volume is the thickest in this section. It also allowed me to compare my
results to the literature which was a clear advantage.
A final limitation o f this study was the inability to control for genetic, nutritional,
hormonal and lifestyle factors, although many variables were controlled. All subjects
were Caucasian. We attempted to account for some of the lifestyle factors by recruiting
healthy, non-smokers, who were not elite athletes but were relatively active. Physical
activity patterns however are different within and especially between age groups. In an
ideal situation, past and present physical activity levels would be controlled along with
diet and hormonal levels. It is difficult to account for the types of activities that different
age groups participate in; as the old and very old women in this study came from a
different time period in history where high impact physical activity as a young woman
would not have been promoted as it is today. Hormone replacement was not controlled
for, but all subjects were asked about all medications they were taking and only one
subject was currently taking hormone replacement therapy.

5.5

Future Directions
Future work in this area should involve larger numbers of subjects and perhaps

testing men. My particular research focused on aging women, but it is possible that a
study of men would yield different results from women as there are differences in gender.
McNeil et al. (2009) recorded the leg muscle CSA o f thirteen Y, O, and VO men using
the same protocol. Our mean results for the anterior and posterior compartments CSA of
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the leg are similar; however, the women from my study have a slightly smaller CSA for
both the anterior and posterior compartments in all three age groups. It appears that
women are affected more by sarcopenia than men, yet this is likely because of a smaller
overall muscle mass. Past research suggests that women are more at risk o f losing
functional independence than men because they live longer, have a lower muscle mass at
any given age, a greater blunting of the anabolic response to exercise and feeding in
addition to blunting of the antiproteolytic effect of insulin (Narici et al. 2010).
A longitudinal study that involved a larger number of subjects in their twenties
that followed those subjects throughout their lifetime would be ideal, but a study of this
size would require an enormous commitment of time and money from a research
institute. Additional research should focus on interventions such as supplementations and
resistance training which combat the adverse effects of sarcopenia and aging.
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Appendix A - Muscle CSA and Strength Measurements
Means by Age Group-Muscle CSA
Young
(n=7)
Anterior
Compartment
Posterior
Compartment

Old
(n=5)

Very Old
(n=6)

10.9Ü.9

9.9±0.9

8 .0 ± l.r

48.Ü 6.5

40±12.1

35 .9 ± 7 .r

r r r --------------------------------Values are mean ± standard deviation; n number of subjects; Units measured in cm2.
Differences from * young and f both young and old following post hoc testing were
significant at p<0.05.

Means by Age Group-Strength

Isometric Dorsiflexion (Nm)

Young
(n=7)
32.9±5.8

Old
(n=5)
29.5±3.5

Very Old
(n=6)
27.5±3.7*

Isometric Plantar flexion (Nm)

97.4±22.1

76.6±9.2

66.7±15.7*

Isotonic Dorsiflexion (“.see'1)

162.1±11.5

172.8±26.8

137.6±22.7+

Isotonic Plantar flexion (°.sec‘1)

263.7±33.3

242.7±35.1

230.4±19.7*

Biodex Dynamometer strength measures, values are mean ± standard deviation; n number
of subjects. Differences from * young and t both young and old following post hoc
testing were significant at p<0.05.

2

Means by Age Group-Normalized Strength Measures (Nm/cm )_____________
Young
Old
Very Old
____________________(n=7)______________ (n=5)_______________ (n=6)
Anterior
Compartment
Posterior
Compartment

3.06±0.6

2.99±0.3

3.47±0.6

2.055±0.5

2.078±0.8

2.017±1.0

Values are mean ± standard deviation; n number of subjects.
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Appendix B - MRI Subject Questionnaire
NAME: _
AGE:
HEIGHT:
WEIGHT:
1. Have you had a previous MRI?

YES

NO

2. Have you ever had a metallic object in your ey e ? .............................

YES

NO

3. Is there any chance you might be pregnant?.....................................

YES

NO

YES
YES
YES
YES
YES
YES

NO
NO
NO
NO
NO
NO

YES

NO

YES
YES
YES

NO
NO
NO

4. Do you have any of the following?
•
HEART PACEMAKER/WIRES/STENT/DEFIBRILLATOR.
•
BRAIN ANEURYSM CLIPS..........................................
•
SHUNT/SURGICAL CLIPS.............................................
•
SHRAPNEL/BULLETS...................................................
•
DENTURES.....................................................................
•
INTRA-UTERINE DEVICE (IUD).............................
• OTHER IMPLANTED DEVICES (HEART VALVES.
•
EAR IMPLANTS. PROSTHESES, EYE SPRINGS)....
•
MEDICATION PATCHES (NICODERM, HABITROL,
•
TRANSDERM-NITRO. ETC).........................................
•
BODY PIERCING............................................................
•
PERMANENT TATTOO, EYELINER..........................
5. Please list surgeries on the following:
•
Head____________________
• N eck____________________
•
Spine____________________
• Chest____________________
• Abdomen________________
•
Upper/Lower_____________
• Other
______

\
YES

6. Are you claustrophobic?

NO

PLEASE REMOVE ANY JEWELLERY, METAL ON CLOTHING AND FROM POCKETS

Participant’s Signature:____________________________________________ _
Date:_________________
MR operator's Signature:__________________________________________ _

THIS FORM MUST BE COMPLETED BEFORE YOU CAN UNDERGO YOUR MRI SCAN
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